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Abstract.

By-catches of Greenland halibut and redfish were recorded in
research trawl haule for ahrimp made by the research vessel "Adolf
Jensen" 1968-87 and in trawlings by the commercial trawler
“Sisimiut" in 1976-77. Based on these data and total landings of
shrimp in 1986, total by-catch in the shrimp fishery in Subarea 1
south of 71oN latitude 1is estimated as 58 mill. specimens of
Greenland halibut and 111 mill. specimens of redfish, Highest
nuober of Greenland halibut per hour of trawling occurred most
northerly. Lengths ranged from 5 to 86 cm showing a nocrthern
distributlion of the small fish below 15 cm. Number of redfish per
hour of trawling did .not differ markedly Dbetween the areas.
Lengths ranged from 5 cm to 49 cm also showing a nerthern
distribution of the smallest fish. Weight percent of by-catch of
Greenland halibut and redfish in the reagarch hauls were estimated
to 20% and 32% respectively for the area investigated, which 1is8
considerably higher than the by-catches reported by the commercial
fleet itself.

Introduction.

The increasing fishery \for shrimp at West Greenland reached a
leval of about 60.000 tons in 1986, The recent increase has
occurred con the traditiconal offshore fishing grounds south of 710N
as well as on the newly explolited areas north of 71oN. This paper
gives an estimate of by-catch in 1986 of Greenland halibut
{Reinhardtius hippoglossoides Walb.} and redfish (Sebastes ssp.)

in the fishery for shrimp in Subarea 1 acuth of 71°N. HNo by-catch

data is avallable for the fishery north of 710N. By-catches of the
commercial trawler “Sisimiut" during 1976-77 are compared to
research trawl hauls for shrimp by the research vessel “Adolf
Jensen" during 196887 in order to use the latter for the by-catcﬁ
calculation, CompaArlsons are made of thaease by-catch estimates with
those  stated by commercial Greenland shrimp trawlers as well as
with those obtained from other investigations in the areas.




Material and Maethods.

Area of investigation,

The West Greenland area has been divided into 5 strata as shown in

Fig.1. The break-down has been made with regard to the location of
the ehrimp flshing grounds as shown by Carlason and Smidt (1978)
and to management areas used by Greenland authorities in

regulation of the shrimp fishery.

Stratum 1 : Diskc Bay
north of 68°00'N lat., east of 53°45'W long.

Stratum 2 : North of St. Hellefisk Bank
nerth of 68900'N lat., west of 53°945'W long.

Stratum 3 : West of St. Hellefisk Bank
nocth of 66915'N lat., south of B8CQ0'N lat,.

Stratum 4, : Scuth of St. Hellefisk Bank
north of 64015'N lat , south of 66015'N lat.

Stratum 5 : Scuthwest Greenland
south of 64015'N lat.

Catch data from a trawl survey carried out in stratum 2 and 3 in
July 1976 and from commercial fishery in same strata in October
1976 and June 1977 were analysed. The trawlings were made by the
commercial stern trawler "Sisimiut" kindly placed at the disposal
of the Greenland Fisheries Research Institute by the Raoyal
Greenland Trade Department. Only hauls with mean depth in the
interval 180-450 m were Included in the analysis. The total number
of hauls were 101, Mesh size in codend was 21 om {bariength).
Further 1nformation on trawl parameters are given by Horsted
(1978}, who estimated the shrimp biomass based on catch data in
July 1976. The catch of shrimp was recorded in units of boxes,
each containing about 30 kg. From the total unscrted catch In each
haul 30-60 kg was sampled and the weight of shrimp ‘together with
the number and weight of Greenland halibut and redfish were
recorded. In most cases length measurements were taken too, as
total length to nearest centimeter below.

Puring the period 1968-87 the Greenland Fisheries Research
Institute carried out a consliderable number of research hauls for
shrimp by the research vessel "Adolf Jensen". Among these data 426
hauls have been selected for further analysis according to several
criteria

1} ©Only hauls from the shrimp fishing grounds shown by Carlascn
and Smidt {1978) or in the immedliate vicinity of these have been
used (Fig.1},

2) The period from January to October was selected to avold bias
from few hauls with large catches of newly settled Greenland
halibut.

3) ©Only hauls on mean depth in the interval 180-450 m were
included.




Mesh alzes in codend varled betwesn 18 and 21 mam (barlength) The
catch of shrimp and by-catches of fish were recorded and in most
cases length measurements of redfish and Greenland halibut were
made. Redfish was not identified to species level. Fish were
measured as total length to nearest cm below. Samples of small
Greenland halibut and redfish were frozen and brought to the
laboratory in Copenhagen where the specimens were measurad as
total length to the centlmeter below and weighed to the nearest
gram after thawing.

By-catch estimation.

The number of fish per kg shrimp is calculated as the total number
of fish caught in the stratum divided with the total c¢atech of
shrimp.

On the basis of total catch estimates of shrimp per strata in 1986
and number of £fish per kg shrimp and mean weight of Greenland
halibut and redfish, by-catches are sstimated for each stratum and
raised to total by-catch by stratum. The mean weight of Greenland
halibut and redfish was calculated for each stratum by multiplying
the mean weight for each centimeter group with the abundance in
length distributions.

In the aestimation it 1s assumed that within the strata, shrimp and
by-catch species both have a uniform distribution equal in range.

The shrimp fishery and by-catches in the fishery.

The nominal catcheas of shrimp in Subarea 1, 1977-86 are shown in
Table 1. Catches 1ncreased during this period, and in 1986 the
total catch was 60,134 tons. Because no research data exists of
by~catches in the offshore area north of 770N, this area 1is
excluded from these analyses. Likewlse, the only inshore aresa
ingluded in the analyses is the Disko Bay. Total catches of shrimp
in 1986 by strata have been estimated. Stratum 1 (Disko Bay) 1is
the most iwmportant inshore fishing ground and has an estimated
catch of 6000 tons (Carisson pers. comm.). The total catch in
strata 2-5 has been broken down according to the catch reports to
Greenland authorities by all vessels above 80 GRT, which 1In 1986
accounted for B7% of the total offshore catch south of 710N, The
Eollowing figures were obtained:

stratum 1 stratum 2 stratum 3 stratum 4 stratum S
6000 tons 12000 tons 15500 tons 10000 tons 4500 tons

The only data of by-catches 1in the shrimp fishery presently
available are logbook reports by trawlers owned by the Greenland
Home Rule authorities (earlier the Royal Greenland Trade

Department) (Table 2). Shrimp catches by these trawlers in the
last 'three years accounts for about 30% of the total offshore
catch south of 710N, Only lately Greenland halibut has been

reported as by-catch having a 1986 level on 0.2% by weight in
relaticon to total shrimp catch with the highest amount in stratum
2. By-catches of redfish have been reported for the entire period
from all strata. The by-catch level of redfish in relation to



total ehrimp catch was between 14.8% and 25.4% in 1977-79, but in
the last asix years only between 1.3% and 2.5%, mainly because of a
drastic decline of the by-catches in strata 2 and 3 (NAFO 1983},

"Sisimiut"'s hauls for shrimp.

Table 3 shows the mean catch of shrimp per hour of trawling and
the mean number of Greenland halibut and redfish per hour of
trawling together with the number of fish per kg shrimp by
stratum.

Mean ¢pue of shrimp is highest in stratum 3 with 554 kg per hour
of trawling in comparison with %93 kg for stratum 2.

For Greenland halibut both mean cpue and number of fish per kg
shrimp are higher in stratum 2 than in stratum 3, Fig. 2 shows
length distributions of Greenland halibut from the two strata. It
appears that small Greenland halibut are predominating in stratum
2, peaking at both 11 cm and 18 cm, while these peaks are not so
marked in stratum 3, where lengths are distributed within a
hroader range.

Mean cpue of redfish is considerably higher in stratum 3 than in
stratum 2 with wvalues of 6690 and 1636 specimens per hour of
trawling respectively, Likewlse number of redfish per kg shrimp 1s
higher 1in stratum 3 at 13.49 speclmens in comparison with 6.89
specimens per kg shrimp in stratum 2, Length distributicns of
redfish in the two astrata are rathepr similar, within the range 6 -
21 cm (Fig. 3).

"Adolf Jensen"'s research hauls for shrimp.

The mean catch of shrimp per hour of trawling, the meanh number of
Greenland halibut and redfish per hour of trawling and the number
of fish per kg shrimp are shown in Table 4 for "Adolf Jensen"'s

trawl survey.

For strata 2 and 3 are given catch data of shrimp and by-catches
for the two selected periods 1976-77 and 1981-87, the former in
order to compare results with the hauls by "Sisiwmiut" and the

latter to axclude the period before 1981 with high by-catches of
redfish. The low number of hauls in stratum 1,4 and 5 1in the
selected perlods do not allow any similar estimaticon for these
strata.

Mean cpue of shrimp are very similar in all strata, 112-228 kg per
hour of trawling with the highest value in stratum 3,

There are major differences in mean cpue of Greenland halibut
between strata {Table 4}). In the two most northerly strata 1 and 2
the mean cpue are considerably higher than in the scuthern strata
{3-5). Mean cpue of Greenland halibut in stratum 2 are a bilt
higher than mean cpue from "Sisimiwt"'s data, while the value in
atratum 2 are somewhat lower, However, 1in both Burveys mean cpue
is higher in stratum 2 than in stratum 3. Fig. 4 shows length
distributions in each stratum and it appears that small Greenland
halibut are predominating in strata 1 and 2, while this is not sc
evident in strata 3,4 and 5. The distribution in stratum 3 ig very




alike the distribution obtalnﬁd from "Siaimfut"'s haula. In
stratum 2 both sﬁow a peak at 11 cm,. but a peak at 18 cm  also
occurs in “Sisimiut”‘'s hauls, The number of Greenland halibut per
kg shrimp are higher in strata t-2 (4.25 and 2,33 respebtively)
than 1in. stratum 3 and 5 (between 0,13-.25). For stratum 2 and 3
thete do not seems to be considerable differences in mean number
per hour of trawling nelither of fiah per-kg ghrimp between the
perlods 1976-77 and 1981-87, Compared with "Sisimiut"'s hauls, the
number of Greenland halibut per kg shrimp is higher in stratum 2
in this survey (2.98 .vs. 1.07), while the opposite is the case Eor
stratum 3 (0.12 ¥s. 0.24), '

The mean number of fedfiéh varied from 313 speéimens per hour of
trawling in stratum 4 to 1596 in stratum 3 (Table 4). There is no
trend in the abundance, For strata 2 and 3 in 1976~ ~77, mean cpue
is about h&lﬁ fhét QE‘ "Sistmiut"'s: hauls. from the length
distributions (Fig. .5) 1t .appears that in strata 1-3 redfish from
6 ca to about 18 cm are predominﬁting in the catch, very similar
to.the distributions obtalned from "Sisimiit"'s hauls in stratum 2

and 3, while'in strata 4L§.1éngth_distributions _are more broad -
ﬁtth fish lengths- fanging from & cm to 45 cm. Furthermore_the.

length distribution in strata: 4- ‘5 tends to be bimodal. The number
of redfish _per’ kg’ shrimp is hlghest in stratum 3 (7.30 per kg
ahrimpj while fhére i8 no significant ‘differance hetween the

other strata (2 62 - 3. 36 per kg shrigp). .However, there are Iajor,
differances be:ween the periods 1976 77 and 1981 87 for’ stratum 2
-, and" espacially for -atratum 3 1n both mean cpue of redfish and

number of Eiah per kg shrimp with the higheac values 1n the period

1976- 77 For both .strata, number ‘of redfish per: kg shrimp are'

'Vsomawhat lower than in- the - "Sisimiut" fishery

- Estimates of by-catches.

"Adolf Jensen"'s traﬁlinga were used for Dby-catch estimates as

_theaa' travwlings covers an extensive period and bhy-catches are in
reasonable - accordance with those of the commercial trawler
"Sigimiut® for the period 1976-77..

For. Greenland halibut strata | and 2 account for nasarly all the
by-catch estimated {85% by weight). Total by-catch is estimated to
be 57 mill. specimens or 9,507 tons (Table 5).

Bacause of the decline in by-catches of redfish in the late
1970'ies by-catch estimates are based on hauls in 1981-87 for
strata 2 and 3 only, For strata 1,4 and 5 it is not possible te
use a similar procedure because the low number of hauls in 1981-87
‘doee not allow any estimation of cpue values for which reason
by-~catch estimates from atrata 1,4 and 5 are based on data from
the whole period 1968-87. - hy—catch of redfish in numbers are
rather equal except for 'stratum 5. However, by weight stratum 4
and 5 .accounts for 84% because of the high mean weight of
specimens in these southern areas. Total by;catch is estimated to
be 111 mill. specimens or 1%,584 tons.

DiscuSSLOn.

‘The tiend of estimated by-catch of redfish from 1976-77 to 1981-87
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as shown in table 4 follows tha reported decline - in by-catch of
redfish in 1979-81 by Greenland commerclal trawlers. The decline
1s also noted by local fishermen. Changes in by-catch of Greenland
halibut do not seem to have occurred.

Therefaore 1t seems reasonable to estimate the by-catch of redfish
on the basis of 1981-87 data from "Adolf Jensen", although this is
pessible only for strata 2 apd 3.

The decline of by-catch of redfish is mainly observed in Division
1B (NAFO 1983), which in this investigation is a part of strata 2
and 3. Therefore wusing the entire pertod 1968-87 for the
calculation of by-catches of redfish in strata 1,4 and S 1is
coneidered to result in only a minor bias on the estimating.

Total by-catch of Greenland halibut in strata 1 - 5 is estimated
to 58 mill, specimens corresponding to about 9,500 tons for 1986.
The northern areas Disko Bay (stratum 1) and North of Store
Hellefisk Bank (stratum 2) account for catches with far the
highest numbers of Greenland halibut per kg shrimp. Also 1lan these
areas small Greenland halibut are most abundant with respectively
70% and 80% below 20 cm compared te the southern areas {strata
3-5) with respectively 48%, 64% ahd 40% below 20 ¢m. This
geographical distribution 1g in accordance with Smidt (1969%a).

The total by-catch estimate of redfish in strata 1 - 5 is 111
mill. speclimens corresponding to about 16,000 tons. Since data
Erom the period before 1980 for strata 4 and 5 in by-catch
calculations are included - in the estimaticon, the 111 mill.
'specimené are considered to be an over-estimate of recent
by-catches. However, comparison of by-catch data in 1976-77
between “Adolf Jensen" and "Sisimfut", suggest that the estimate
is to low. By-catch in numbers per kg shrimp seems to be rather
similar in the five strata in "Adolf Jensen" hauls. When analysing
by-catch in terms of weight per kg shrimp, the southernmost strata
{4 and 5) account Eor far the highest by-catch {(83%}, This iga
because redfish in the two southernmost strata are longer {6 - 45
cm) than in the northern strata (6 - 18 cm).

Percentages by weight of by-catch of Greenland halibut and redfish
in the area of investigation for the hauls made by "Adolf Jensen"®
are 20% and 33%, respectively. The corresponding values for the
commercial trawlers 4in 1986 are far below at 0.2% and 2.5%
raspectively (Table 2).

The trawl used by "Sisimiut®" has a higher net opening than that

used by "Adolf Jensen". A comparison of mean number of Greenland
halibut and redfish per hour trawling in strata 2 and 3 in 1976-77
for "Adolf Jensen" and "Sisimiut" does not show any clear

tendencles regarding catch rate of Greenland Halibut, while cpue
of .redfish 1is obhviously greater for "Sisimiut" than for "Adolf
Jensen” (Tables 4 and 5). This could be because small Greenland
halibut are moce demersal than redfish.

Furthermore research hauls fbr’ahrimp at fixed stations may not bhe
repreaentative of a commerclal fishery contlinuously shifting
grounds for getting high catch rates, ' ’

" Norwegian investiqat{oné on the shrimp stocks off Store Héllefiske
Bank {atratum’ 3} were carried out in 1982-83 (Jakobsen and Torheim
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1983, Smedstad and Torhelm 1984)}. By-catch of Graenland halibut
and redfish in 1982-83 amounted to 0.04 and 0.03 Greenland halibut
per kg shrimp and 0.41 and 0.55 redfish per kg shrimp,
regpectively. In 1984 Norweglan Investigations were carried out
socuth of Store Hellefisk Bank (stratum 4). By-catch amounted to
0.005 Greenland halibut per kg shrimp and 0.13 redfish per kg
shrimp (Smedstad and Torheim, 1985). These values are far below
those of "Adolf Jensen", although the difference between stratum 3
and stratum 4 supports the tendency obtained by “Adolf Jensen".
The Norweglan I1nvestigations were carried out on a commercial
veassel on which researchers recorded the by-catch, This might
cause the difference between the Norwegian and the Danlsh results.
Further gear selection might have some effect.

Smidt (1969b) gave an estimate of 15 mill, small Greenland halibut
as by=-catch 1in the Disko Bay (stratum 1) shrimp fishery in 1965.
This estimate is in accordance with the present estimate (25,5
mill.}, taking into account that the fishery in 1365 amounted to
about 2000 fons shrimp below the present level,

The estimates obtained for the investigated area for 1986, of 58
mill. Greenland halibut and 111 mill, redfish can very well be
biassed and must be considered as rough estimates giving orders of

magnitude.
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Table 1. HNominal catches of shrimp in Subarea 1, 1977-86

! Area ! Offshore Qffshore Inshore 1
! I (8 of 710N) {N of 719N} !
1 Year i e et !
! ! [
1 1977 1 33.843 - 7.800 t
t 1978 ! 26.747 - 7.600 .
! 1979 ! 25,958 - 7.500 !
1 1980 ! 35.778 - 7.500 !
1 1981 t 32.018 - 7.500 !
] 1982 ! 35,015 - 7.500 1
! 1943 1 13.854 - 7.500 !
| 1984 ! 33.741 - 7.500 !
i 19853 H 40,565 4,349 7.500 1

I 1986 [ 41.589 11.045 7.500 [




Table 2. Catches of shrimp (tons) and by-catches (tons) by strata of trawlers

ownad by the Greenland Home Rule authorities {(no data from stratum 1).

Year 1977 1978 1979 1980 1981 1982 1983 1984 - 1985 1984
Stratum
2 Greenland halibut 1.6 Q.2 5.8 15.4
Redfishes 1.8 340.6 3543.5 331.3 Tt.7 55.1 50.0 105.7 60.0 138.%
Unknown 0.4 a.1 Y -
Shrimp catch 112.5 t880.1 1126,1 6525.3 4534.1 4357.0 3912.4 2762.5 3g19.8 4191.7
3 Greenland halibut 0.2 4.0
Redflshes 334 .4 935.2 633.3 99.3 54.4 23.7 26.4 101.5 59,3 110.7
Unknown ? 8.8 19.3 0.1
Shrimp catch 5061.7 3147.2 3786.2 1159.4 4107.8 1518.5 17113.0 3820,9 2893.5 4597.1
4  Greenland halibut 1.3 0.4 ' 2.0
Radfishes ' 2.8 16 .9 41.5 40,5 18.1 19.5 54.1 54.5 31.2 50.5
Unknown ' 17.0 . 8.3 0.4
Shrimp catch 33a.s 65.0 89.2 566,0 11161 1147.8 1300.8 3542.9 3312.2 2469.8
5 Greenland halibut 0.4 0.9
Radfish 6.4 0.2 0.2 1.4 1.6 8.5 15.3
Unknown - 4.3
Shrimp catch 13.1 24.4 1.4 49.7? 10.4 5.6 64.4 441,2 1066.2 1097.6
Total Gresnland halibut 1.3 2.4 0.2 7.0 22.3
Redfianes 899.¢ 13001 1033.5 471.3 144.2 98,2 131.9 273.3 159.0 i15.0
Unknown T 29.2 40.0 1.4
Shrimp catch 5525.3 53117.0 7003.1 8299.8 3768.4 7628.% 6990.6 10567.5 11891.7 12356.2

Greenland halibut in % of
total shrimp catch <0.1 <0.1 . <0.1 <0, 1 0.2

Readfishes Lln % of total
shrimp catch 16, 3% 25.4% 14.8% 5.7% 1.5 1.3 1.9 2.8 1.3 2.5



. 10:_

:_E:Pia 3. 'thch of bhrimp‘dna'byéciéchae of Greentand halibut -and redfish by
atrata In "Sisimiut"'s fishery in 1976-77. '

Stratum
2 l 3
___________ Fommm e
!
no of hauls ) 22 1 79
1]
Shrimp , !
mean weight (kg)/hour trawling . . 193 ! 554
. !
Greenland halibat ! 0
mean number /hour trawling - 249 1 127
no of fish/kg shrimp N _ 1.07 ; 0.24
!
. Redfish S : ' t
mean number/hour trawling 1636 1 6690
no of fish/kg shrimp g 6.89 B 13,49

Table 4. Catch of shrimp and by-catches of Greenland halibut and redfish by
strata in "Adolf Jensen"'s reseatch hauls for shrimp. Figures for the periods
197666 and 1981-87 are given only for strata 2 and 3 (see text).

Stratum
Period 1 2 3 4 5
. 1
no of hauls . ': ’ 1968-87 1 97 102 71 21 135
: 1976-77 1 . 5 26
1981-87 1! 72 316
1
Shrimp ; |
mean weight (kg)/hour trawling 1968-87 1 161 132 228 112 114
. 1976-77 | 121 583
i981-87 1! 116 150
1
Greenland halibut 1
mean namber/hour trawling 1968-87 1 676 288 28 16 34
‘ L 1976-77 1 362 47
1981-87 1 189 18
. !
-no of fish/kg shrimp 1968-87 | 4.25 2.33 0.13 G.13 Q.25
1976-77 | ] 2.98 0,12
1981-87 1 1.64 0,12
‘ !
Redfish ‘ . o
mean number/hour trawling 1968-87 | 617 420 1596 313 618
©1976-77 1 672 3551
1981-87 1 407 267
_ !
no of fish/kg shrimp "1968-87 1| 3.36 3.3 7.30 2.62 2,98
1976-77 1 5.54 9,23

1981-87 |1 3.52 1.77
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Table S. Estimates of by-catches of Greanland halibut and redfish in total
shrimp flshery at West Gresnland, based on "Adolf Jensen"'a rasearch hauls,

Stratom.
. C
1 2 3 4 s Total
Sreenland halibut (‘000) 125500 27960 2015 1300 1125 t 57,900
" " {tones) ! 2629 5508 388 - 270 776 I 9.507
' 1 ' : !
| Redfish ('000} 120160 42240 21240 26200 1341 1111181
S {tona)-t 690 883 909" 9110 3992 1 15,584

.. ") estimates are baéaq on research hauls in the
: U ,pericd-1981-1987.
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Fig. 2. Length distribution of Greenland halibut from "Sisimiuct"'s
trawlings in 1976-77 {(L: mean length, W: mean weight, N: number of
Eish).
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Fig. 3. Length distributicn of redfish from “"Sisimiut"'as trawlings in

1976~-77 (L: mean 1ength5_w: mean weight, N: number of fish}.
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Fig. 5. Length distribution of redfish "Adolf Jensen"'s trawl surveys in

1968-87 (L: mean length, W: mean weight, N: number of fish).
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